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(57) ABSTRACT 

An inkj et printhead includes a Wafer having a droplet ejection 
side and a liquid supply side opposite the droplet ejection 
side; a plurality of active ink ejection structures formed on the 
droplet ejection side of the Wafer, each active ink ejection 
structure partially de?ning a noZZle chamber, and de?ning an 
ink ejection port; a plurality of individual ?uid passages 
formed in the Wafer, each ?uid passage providing ?uid to 
corresponding noZZle chambers; a plurality of static ink ej ec 
tion structures formed on the droplet ej ection side of the Wafer 
and inside of corresponding active ink ejection structures, 
each static ink ejection structure de?ning a noZZle chamber 
With a corresponding active ink ejection structure; and droplet 
ejection actuators respectively corresponding to each active 
ink ejection structure. The droplet ejection actuators are 
formed on the droplet ejection side of the Wafer and attached 
to respective active ink ejection structures. The droplet ej ec 
tion actuators are operable to displace an active ink ejection 
structures toWards a corresponding static ink ejection struc 
ture to effect ejection of ?uid in the noZZle chamber through 
the ink ejection port. 

8 Claims, 15 Drawing Sheets 
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INKJET PRINTHEAD EMPLOYING ACTIVE 
AND STATIC INK EJECTION STRUCTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. Ser. No. 10/728, 
784 ?led Dec. 8, 2003, Which is a Continuation In Part Appli 
cation ofU.S. Ser. No. 10/307,330 ?led on Dec. 2, 2002, noW 
issued US. Pat. No. 6,666,544, all ofWhich are herein incor 
porated by reference. 

FIELD OF THE INVENTION 

This invention relates to the fabrication of ?uid ejection 
chips. More particularly, this invention relates to fabrication 
techniques of ?uid ejection chips that minimize the spacing 
betWeen adjacent noZZles. 

REFERENCED PATENT APPLICATIONS 

The following applications are incorporated by reference: 

6,362,868 6,227,652 6,213,588 6,213,589 6,231,163 6,247,795 
6,394,581 6,244,691 6,257,704 6,416,168 6,220,694 6,257,705 
6,247,794 6,234,610 6,247,793 6,264,306 6,241,342 6,247,792 

BACKGROUND OF THE INVENTION 

As set out in the above referenced applications/patents, the 
Applicant has spent a substantial amount of time and effort in 
developing printheads that incorporate micro electro-me 
chanical system (MEMS)ibased components to achieve the 
ejection of ink necessary for printing. 
As a result of the Applicant’s research and development, 

the Applicant has been able to develop printheads having one 
or more printhead chips that together incorporate up to 84 000 
noZZle arrangements. The Applicant has also developed suit 
able processor technology that is capable of controlling 
operation of such printheads. In particular, the processor tech 
nology and the printheads are capable of cooperating to gen 
erate resolutions of 1600 dpi and higher in some cases. 
Examples of suitable processor technology are provided in 
the above referenced patent applications/patents. 

The Applicant has overcome substantial di?iculties in 
achieving the necessary ink ?oW and ink drop separation 
Within the ink jet printheads. 

It is generally bene?cial to increase the noZZle densities on 
a printhead to enhance the print resolution. MEMS fabrica 
tion of the noZZles on silicon Wafer alloWs very high noZZle 
density. HoWever, the Wafer is typically about 200 microns 
thick With the noZZle guards, ink chambers, ejection actuators 
and so on occupying a layer about 20 microns thick on one 
side. Ink supply passages must be formed through the Wafer 
to the noZZles. 

It is not practical to form the ink supply passages from the 
noZZle side of the Wafer through to the supply side. The 
fabrication of other noZZle structures Would require the entire 
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2 
supply passage to be ?lled With resist While the other struc 
tures Were lithographically form on top. The resist subse 
quently needs to be stripped out of the passage. To strip a 
200-micron deep passage of resist Would be di?icult and time 
consuming. 

Forming the ink supply passages from the supply side of 
the Wafer through to the noZZle side presents its oWn di?icul 
ties. Firstly, the precise alignment of the masking on the 
supply side With the ink chambers of each noZZle on the other 
side is di?icult. At present, the best equipment available for 
aligning the mask have :2 microns accuracy. Secondly, a 
deep etch Will often deviate from a straight path because the 
ions in the etchant are in?uenced by any charged particles in 
the Wafer. Thirdly, the plasma etchant Will often track side 
Ways along an interface betWeen silicon Wafer and dielectric 
material. 

Misalignment of the supply passage can lead to the plasma 
etch contacting and damaging other components of the 
noZZle, for example, the drive circuitry for the ejection actua 
tor. Furthermore, the above causes of misalignment can com 
pound into large inaccuracies Which imposes limits on the 
siZe of the noZZle structure and the spacing betWeen noZZles. 
This, of course, reduces the density of noZZles and loWers the 
resolution. 

It is an object of the present invention to provide a useful 
alternative to knoWn printheads and the techniques for fabri 
cating them. In particular the invention aims to provide a 
method of making printhead chips that accommodate the 
standard manufacturing tolerances involved While minimiZ 
ing the spacing betWeen adjacent noZZles. 

SUMMARY OF THE INVENTION 

According to one aspect of the present disclosure, an inkjet 
printhead includes a Wafer having a droplet ejection side and 
a liquid supply side opposite the droplet ejection side; a 
plurality of active ink ejection structures formed on the drop 
let ejection side of the Wafer, each active ink ejection structure 
partially de?ning a noZZle chamber, and de?ning an ink ej ec 
tion port; a plurality of individual ?uid passages formed in the 
Wafer, each ?uid passage providing ?uid to corresponding 
noZZle chambers; a plurality of static ink ejection structures 
formed on the droplet ejection side of the Wafer and inside of 
corresponding active ink ejection structures, each static ink 
ejection structure de?ning a noZZle chamber With a corre 
sponding active ink ejection structure; and droplet ejection 
actuators respectively corresponding to each active ink ejec 
tion structure. The droplet ejection actuators are formed on 
the droplet ejection side of the Wafer and attached to respec 
tive active ink ejection structures. The droplet ejection actua 
tors are operable to displace an active ink ejection structures 
toWards a corresponding static ink ejection structure to effect 
ejection of ?uid in the noZZle chamber through the ink ej ec 
tion port. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings, 
FIG. 1 is a schematic perspective vieW, partially cut aWay, 

of a unit cell of a printhead according to the invention; 
FIG. 2 shoWs a schematic, sectioned perspective of a unit 

cell of the type shoWn in FIG. 1, at an intermediate stage of its 
fabrication; 

FIG. 3 shoWs a schematic, sectioned perspective of a unit 
cell of the type shoWn in FIG. 1, at an intermediate stage of its 
fabrication; 
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FIG. 4 shows a schematic, sectioned perspective of a unit 
cell of the type shown in FIG. 1, at an intermediate stage of its 

fabrication; 
FIG. 5 shoWs a schematic, sectioned perspective of the unit 

cell shoWn in FIG. 1, at an intermediate stage of its fabrication 
in accordance With the present invention; 

FIG. 6 shoWs a schematic, sectioned perspective of the unit 
cell shoWn in FIG. 1, at an intermediate stage of its fabrication 
in accordance With the present invention; 

FIG. 7 shoWs a schematic, sectioned perspective of the unit 
cell shoWn in FIG. 1, at an intermediate stage of its fabrication 
in accordance With the present invention; 

FIG. 8 shoWs a three-dimensional vieW of a noZZle arrange 
ment of a thermal bend actuator embodiment of a printhead 
chip in accordance With the invention, for an ink j et printhead; 

FIG. 9 shoWs a three-dimensional sectioned vieW of the 
noZZle arrangement of FIG. 8; 

FIG. 10 shoWs a transverse cross sectional vieW of a ther 
mal bend actuator of the noZZle arrangement of FIG. 8; 

FIG. 11 shoWs a three-dimensional sectioned vieW of the 
noZZle arrangement of FIG. 8, in an initial stage of ink drop 
ejection; 

FIG. 12 shoWs a three-dimensional sectioned vieW of the 
noZZle arrangement of FIG. 8, in a terminal stage of ink drop 
ejection; 

FIG. 13 shoWs a schematic vieW of one coupling structure 
of the noZZle arrangement of FIG. 8; 

FIG. 14 shoWs a schematic vieW of a part of the coupling 
structure attached to an active ink ejection structure of the 
noZZle arrangement, When the noZZle arrangement is in a 
quiescent condition; 

FIG. 15 shoWs the part of FIG. 14 When the noZZle arrange 
ment is in an operative condition; 

FIG. 16 shoWs an intermediate section of a connecting 
plate of the coupling structure, When the noZZle arrangement 
is in a quiescent condition; 

FIG. 17 shoWs the intermediate section of FIG. 16, When 
the noZZle arrangement is in an operative condition; 

FIG. 18 shoWs a schematic vieW of a part of the coupling 
structure attached to a connecting member of the noZZle 
arrangement When the noZZle arrangement is in a quiescent 
condition; 

FIG. 19 shoWs the part of FIG. 18 When the noZZle arrange 
ment is in an operative condition; and 

FIG. 20 shoWs a plan vieW of a noZZle arrangement of a 
second embodiment of a printhead chip, in accordance With 
the invention, for an ink jet printhead. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is applicable to printheads formed on 
and through silicon Wafers by lithographic etching and depo 
sition techniques, regardless of Whether bubble forming 
heater elements or thermal bend actuators are used. 

Bubble Forming Heater Element Actuated Printheads 
FIG. 1 shoWs a noZZle of this type. The noZZles, ejection 

actuators, associated drive circuitry and ink supply passages 
are formed on and through a Wafer using lithographically 
masked etching techniques described in great detail in Us. 
Ser. No. 10/ 302,274. In the interests of brevity, the disclosure 
of the ’274 application is incorporated herein in its entirety. 
For convenience, the reference numerals on FIGS. 1 to 7 
accord With the reference numbering used in ’274. Corre 
sponding features of the embodiments shoWn in FIGS. 8 to 20 
do not necessarily use the same reference numerals. 

The unit cell 1 is shoWn With part of the Walls 6 and noZZle 
plate 2 cut-aWay, Which reveals the interior of the chamber 7. 
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4 
The heater 14 is not shoWn cut aWay, so that both halves of the 
heater element 10 can be seen. 

In operation, ink 11 passes through the ink inlet passage 31 
(see FIGS. 2-7) to ?ll the chamber 7. Then a voltage is applied 
across the electrodes 15 to establish a How of electric current 
through the heater element 10. This heats the element 10, to 
form a vapor bubble in the ink Within the chamber 7 to eject 
a drop of ink. 

It is generally bene?cial to increase the noZZle densities on 
a printhead to enhance the print resolution. MEMS fabrica 
tion of the noZZles on silicon Wafer alloWs very high noZZle 
density. HoWever, the Wafer is typically about 200 microns 
thick With the noZZle guards, ink chambers, ejection actuators 
and so on occupying a layer about 20 microns thick on one 
side. These dimensions are indicated generally byA and B on 
FIG. 1. 

FIGS. 2 to 7 shoW the unit cell With the ink chamber 7 and 
heater element 10 removed for clarity. Ink is supplied to the 
chambers by passages 32 extending to the opposite side of the 
Wafer. It Would be convenient to etch these passages 32 from 
the noZZle side of the Wafer as this side Will be subject to 
etching and deposition to form the noZZle structures. Unfor 
tunately, it is not practical to form the ink supply passages 
from the noZZle side of the Wafer. The entire supply passage 
32 Would have to be ?lled With resist While the noZZle struc 
tures Were lithographically formed. Stripping the resist out of 
a 200-micron deep passage of resist Would be prohibitively 
dif?cult and time consuming. 

Forming the ink supply passages from the supply side of 
the Wafer through to the noZZle side presents its oWn di?icul 
ties. These problems are schematically illustrated in FIGS. 2, 
3 and 4. 

Referring to FIG. 2, the ink supply passage is etched 
through the Wafer 21 to the CMOS metallisation layers of the 
interconnect 23. The inlet 31 in the interconnect 23 provides 
a ?uid connection betWeen the supply passage 32 and the 
noZZle chamber (not shoWn) to be formed on the passivation 
layer 24. Guard rings 26 prevent ink from diffusing from 
Within the inlet 31 to the Wiring in the interconnect 23 and the 
CMOS drive circuitry 22 betWeen the Wafer substrate 21 and 
the interconnect 23. Unfortunately, the precise alignment of 
the masking on the supply side of the Wafer With the ink 
chambers of each noZZle on the noZZle side is dif?cult. At 
present, the best equipment available for aligning the mask 
has :2 microns accuracy. If the drive circuitry 22 is too close 
to the inlet 31, a portion C of the circuitry 22 risks damage by 
the etchant due to misalignment of the passage 32. 

Another problem is schematically shoWn in FIG. 3. A deep 
etch Will often deviate from a straight path. Ions in the etchant 
are in?uenced by any charged particles in the Wafer 21. While 
the mask may be perfectly aligned on the supply side of the 
Wafer 21, the deep etch is slightly angled and can result in a 
signi?cant misalignment at the interface of the Wafer 21 and 
the interconnect 23. Again, if the drive circuitry 22 is too 
close, a portion C may be destroyed by the oxygen plasma 
etchant. 

FIG. 4 illustrates another potential problem. The plasma 
etchant Will often track sideWays along an interface betWeen 
silicon Wafer 21 and dielectric material of the interconnect 23 . 
Once again, this can lead to inadvertent etching of the drive 
circuitry 22. 
The above causes of misalignment can compound into 

large inaccuracies that imposes limits on the siZe of the noZZle 
structure and the spacing betWeen noZZles. This, of course, 
reduces the density of noZZles and loWers the resolution. 

Referring to 5, 6 and 7, the present invention addresses this 
by etching the inlet 31 through the interconnect 23 and into 
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the Wafer 21 so that the ink supply passage 32 can stop short 
of the interface betWeen the dielectric 23 and the Wafer 21. As 
best shown in FIG. 5, the plasma does not get the opportunity 
to track along the interface and damage the CMOS drive 
circuitry. As the inlet hole 3 1 is relatively shalloW, the removal 
of the resist is not overly dif?cult. This permits a more com 
pact overall design and higher noZZle packing density. Using 
this technique, the siZes of the ink conduits are also relative 
small. Typically, the Width of the inlet hole 31 is betWeen 8 
microns and 24 microns, and the Width of the supply passage 
32 is betWeen 10 microns and 28 microns. 

Thermal Bend Actuated Printheads 
In FIGS. 8 to 12, reference numeral 10 generally indicates 

a noZZle arrangement of a printhead chip, for an ink jet print 
head in accordance With a related aspect of the invention. 

The noZZle arrangement 10 is one of a plurality of such 
noZZle arrangements formed on a silicon Wafer substrate 12 to 
de?ne the printhead chip of the invention. As set out in the 
background of this speci?cation, a single printhead can con 
tain up to 84 000 such noZZle arrangements. For the purposes 
of clarity and ease of description, only one noZZle arrange 
ment is described. It is to be appreciated that a person of 
ordinary skill in the ?eld can readily obtain the printhead chip 
by simply replicating the noZZle arrangement 10 on the Wafer 
substrate 12. 
The printhead chip is the product of an integrated circuit 

fabrication technique. In particular, each noZZle arrangement 
10 is the product of a MEMSibased fabrication technique. 
As is knoWn, such a fabrication technique involves the depo 
sition of functional layers and sacri?cial layers of integrated 
circuit materials. The functional layers are etched to de?ne 
various moving components and the sacri?cial layers are 
etched aWay to release the components. As is knoWn, such 
fabrication techniques generally involve the replication of a 
large number of similar components on a single Wafer that is 
subsequently diced to separate the various components from 
each other. This reinforces the submission that a person of 
ordinary skill in the ?eld can readily obtain the printhead chip 
of this invention by replicating the noZZle arrangement 10. 
An electrical drive circuitry layer 14 is positioned on the 

silicon Wafer substrate 12. The electrical drive circuitry layer 
14 includes CMOS drive circuitry. The particular con?gura 
tion of the CMOS drive circuitry is not important to this 
description and has therefore not been shoWn in any detail in 
the draWings. Suf?ce to say that it is connected to a suitable 
microprocessor and provides electrical current to the noZZle 
arrangement 10 upon receipt of an enabling signal from said 
suitable microprocessor. An example of a suitable micropro 
cessor is described in the above referenced patents/patent 
applications. It folloWs that this level of detail Will not be set 
out in this speci?cation. 
An ink passivation layer 16 is positioned on the drive 

circuitry layer 14. The ink passivation layer 16 can be of any 
suitable material, such as silicon nitride. 
The noZZle arrangement 10 includes an ink inlet channel 18 

that is one of a plurality of such ink inlet channels de?ned in 
the substrate 12. 

The noZZle arrangement 10 includes an active ink ejection 
structure 20. The active ink ejection structure 20 has a roof 22 
and sideWalls 24 that depend from the roof 22.An ink ejection 
port 26 is de?ned in the roof 22. 

The active ink ejection structure 20 is connected to, and 
betWeen, a pair of thermal bend actuators 28 With coupling 
structures 30 that are described in further detail beloW. The 
roof 22 is generally rectangular in plan and, more particularly, 
can be square inplan. This is simply to facilitate connection of 
the actuators 28 to the roof 22 and is not critical. For example, 
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6 
in the event that three actuators are provided, the roof 22 could 
be generally triangular in plan. There may thus be other 
shapes that are suitable. 
The active ink ejection structure 20 is connected betWeen 

the thermal bend actuators 28 so that a free edge 32 of the 
sideWalls 24 is spaced from the ink passivation layer 16. It 
Will be appreciated that the sideWalls 24 bound a region 
betWeen the roof 22 and the substrate 12. 

The roof 22 is generally planar, but de?nes a noZZle rim 76 
that bounds the ink ejection port 26. The roof 22 also de?nes 
a recess 78 positioned about the noZZle rim 76 Which serves to 
inhibit ink spread in case of ink Wetting beyond the noZZle rim 
76. 
The noZZle arrangement 10 includes a static ink ejection 

structure 34 that extends from the substrate 12 toWards the 
roof 22 and into the region bounded by the sideWalls 24. The 
static ink ejection structure 34 and the active ink ejection 
structure 20 together de?ne a noZZle chamber 42 in ?uid 
communication With an opening 38 of the ink inlet channel 
18. The static ink ejection structure 34 has a Wall portion 36 
that bounds an opening 38 of the ink inlet channel 18. An ink 
displacement formation 40 is positioned on the Wall portion 
36 and de?nes an ink displacement area that is suf?ciently 
large so as to facilitate ejection of ink from the ink ejection 
port 26 When the active ink displacement structure 20 is 
displaced toWards the substrate 12. The opening 38 is sub 
stantially aligned With the ink ejection port 26. 
The thermal bend actuators 28 are substantially identical. It 

folloWs that, provided a similar driving signal is supplied to 
each thermal bend actuator 28, the thermal bend actuators 28 
each produce substantially the same force on the active ink 
ejection structure 20. 

In FIG. 3 there is shoWn the thermal bend actuator 28 in 
further detail. The thermal bend actuator 28 includes an arm 
44 that has a unitary structure. The arm 44 is of an electrically 
conductive material that has a coe?icient of thermal expan 
sion Which is such that a suitable component of such material 
is capable of performing Work, on a MEMS scale, upon 
expansion and contraction of the component When heated and 
subsequently cooled. The material can be one of many. HoW 
ever, it is desirable that the material has a Young’s Modulus 
that is such that, When the component bends through differ 
ential heating, energy stored in the component is released 
When the component cools to assist return of the component 
to a starting condition. TheApplicant has found that a suitable 
material is Titanium Aluminum Nitride (TiAlN). HoWever, 
other conductive materials may also be suitable, depending 
on their respective coe?icients of thermal expansion and 
Young’s Modulus. 

The arm 44 has a pair of outerpassive portions 46 and a pair 
of inner active portions 48. The outer passive portions 46 have 
passive anchors 50 that are each made fast With the ink pas 
sivation layer 16 by a retaining structure 52 of successive 
layers of titanium and silicon dioxide or equivalent material. 
The inner active portions 48 have active anchors 54 that are 

each made fast With the drive circuitry layer 14 and are elec 
trically connected to the drive circuitry layer 14. This is also 
achieved With a retaining structure 56 of successive layers of 
titanium and silicon dioxide or equivalent material. 
The arm 44 has a Working end that is de?ned by a bridge 

portion 58 that interconnects the portions 46, 48. It folloWs 
that, With the active anchors 54 connected to suitable electri 
cal contacts in the drive circuitry layer 14, the inner active 
portions 48 de?ne an electrical circuit. Further, the portions 
46, 48 have a suitable electrical resistance so that the inner 
active portions 48 are heated When a current from the CMOS 
drive circuitry passes through the inner active portions 48. It 






